Abstract
Statistical analyses:

Results
150
VBs are restless but rest less 151 During the first six hours after set-up, the VB populations had significantly greater locomotor 152 activity irrespective of the absence (Fig. 1A, F1 food during the first six hours after introduction (A) Locomotor activity of VBs was significantly greater than the VBCs although (B) duration of rest was significantly lower. In the presence of food during the first six hours, similar results were obtained for (C) locomotor activity and (D) rest. After acclimatization for six hours, over the next 24 hours, the VBs had significantly greater (E) locomotor activity but similar levels of (F) sleep duration as the VBCs. The error bars represent standard errors around the mean (SEM) and * denotes P < 0.05. peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; Selection for dispersal leads to greater exploratory behaviour and aggression 162 Selection regime had significant effects on adult exploratory behaviour, when the flies were 163 introduced into a novel environment and the VB flies had significantly greater tendency to 164 explore a novel area than the VBC flies ( Fig. 2A, F1 , 3=11.96, P=0.04). Although we failed to 165 find a selection × sex interaction (F1, 3=0.009, P=0.93), for both sexes, the VB flies exhibited 166 greater exploratory behaviour than the corresponding VBC flies (Fig. S2) . Furthermore, we 167 found significant effect of selection on male aggression (Mann-Whitney U=0.0, P= 0.02) in all 168 the four blocks: VB males were found to be significantly more aggressive than the VBC males 169 with large effect size (d = 2.05) in one-to-one fight for food and mate present in the arena (Fig.   170 2B).
171
Selection for dispersal does not lead to changes in dry body weight, fecundity or longevity 172 The mean dry weight of VBs and VBCs were found to be comparable (Fig. 3A, F1 , 3= 0.76,
173
P=0.45).
Although Drosophila females are known to be heavier than males, we did not find any found to be similar to that of the VBCs (Fig. 3C, F1 , 3= 4.9, P=0.11). early-late fecundity and (C) longevity profiles of VB and VBC populations were not different from each other. The points represent the pooled data for all the replicates of VB and VBC populations with small random jitter along X-axis. The edges of the box denote 25 th and 75 th percentiles, while the black solid lines and blue broken lines represent the median and mean respectively.
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; Selection for dispersal leads to changes in the metabolome profile 182 OPLS-DA scores plot (Fig. S3) Schematic diagram of the interactions between the metabolites that were found significantly changed in the VBs in the NMR data. Upright and inverted triangles adjacent to a metabolite denote whether its level had increased or decreased respectively. Filled and open triangles represent statistically significant and non-significant changes respectively (see Table 1 for values).
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission. flies are allowed to disperse during selection), the selected populations had greater locomotor 197 activity than the controls ( Fig. 1A and 1C) , and spent lesser time in rest ( Fig. 1B and 1D ). This The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; earlier observations that the dispersal propensity and ability differences between VBs and VBCs
Discussion
206
were observed irrespective of the presence or absence of food . However, 207 when we measured the activity of these flies over 24 hours, after allowing a period of six hours 208 to acclimatize, although the VB males were found to be significantly more active than VBC 209 males (Fig. 1E) , the percentage of time spent resting was not different between these two lines 210 (Fig. 1F) . In other words, the VB flies rest lesser during the period that corresponds to the time 211 when they face selection, but revert to normal levels of rest once that phase is over. During the 212 latter period, the quality of the rest/sleep of the flies, as measured by the length of average bout 213 of sleep (Fig. S1A) and maximum bout of sleep (Fig. S1B) , during 24 hours, was also found to 214 be similar in VBs and VBCs. Thus, although the VBs are more active, it seems unlikely that they 215 would face negative effects of rest-deprivation in the long-run. To the best of our knowledge,
216
this is the first demonstration that dispersers also modulate their rest-patterns temporally in way 217 that could reduce the negative effects of rest-deprivation (Huber et al. 2004; Kayser et al. 2015) . Therefore, it was no surprise that the dispersal-selected VBs were more exploratory in nature 228 than the VBCs ( Fig. 2A) , and the result was consistent across both sexes (Fig. S2 ).
230
Elevated exploratory tendency can be important during range expansion as the individuals 231 present at the range edges are more likely to experience environments different from their native 232 and/or previously introduced habitats. For example, Kenyan house sparrows that were present at 233 a range expansion front were found to be significantly more exploratory (Liebl & Martin 2012) .
234
Interestingly, in many species, exploration is also found to be strongly related to invasion 
265
In Drosophila, body size is generally considered to be a good proxy for the total amount of 
Selection for dispersal does not affect fecundity or longevity
274
The relationship between dispersal and fecundity has been somewhat controversial in the 275 literature. On one hand, flight ability/ dispersal has been shown to be negatively correlated with 276 fecundity in several insects including Drosophila (Roff 1977) , long-winged crickets (Roff & 277 Fairbairn 2007) and aphids (Dixon et al. 1993) . This is thought to be due to energy limitation, as conclusively demonstrate them using our data. Therefore, we shifted our attention to a crucial 291 body maintenance trait, namely longevity.
293
In Glanville fritillary butterflies, higher dispersal and mobility correlate strongly with higher The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; study on tropical butterflies (Tufto et al. 2012) . However, in our study, we did not find any 298 significant difference in longevity between the dispersal-selected and the control populations, a 299 result which is consistent over all four populations and both the sexes (Fig. 3C) . One reason for 300 this might be the nutrient-rich laboratory conditions under which the flies were reared during 301 selection, which ensured that resources were never limiting, and therefore did not lead to the 302 expected trade-offs between dispersal ability and fecundity or longevity. If true, then this would 303 suggest that the patterns of trait correlation that would evolve under selection for dispersal would 304 depend closely on, inter alia, the resource availability, which would obviously vary greatly 305 across populations under natural conditions. Thus, even for the same species, it might be difficult 306 to predict the outcomes of dispersal evolution under various scenarios. There was a clear difference between the overall metabolite profiles of the VB and VBC flies 311 ( Fig. S3 and S4 ) and the levels of 14 metabolites were significantly different between these two 312 populations (Table 1) . Most notably, the glucose levels of VBs were significantly higher than the (Fig. 4) . Finally, the VBs also had significantly greater amounts of lactic 317 acid. It is known that when the demand for energy is more than what cellular respiration can 318 generate (e.g. during intense muscular activity) glucose undergoes anaerobic oxidation via lactic 319 acid fermentation to produce ATP. True to this observation, the ATP levels in VBs was 320 significantly higher than the VBCs (Table 1) . However, the AMP: ATP ratio, which is an 
322
This suggests that, in spite of the greater levels of ATP, the VBs are in a more energy-depleted 323 state than the VBCs (Table 1) . Taken together, these results suggest that the VBs have elevated The VBs also had increased levels of four amino acids, namely histidine, phenylalanine, tyrosine 331 and tryptophan (Table 1 ). The metabolic break-down products of all these amino acids form 
337
This was consistent with the observation that octopamine levels had significantly increased in 338 VBs (Table 1) . Similarly, serotonin levels are also known to be positively correlated with activity with the fact that the VBs are more active (Fig. 1A, 1C and 1E ) and aggressive (Fig. 2B) 20, 2017; strongly suggests that the levels of serotonin and dopamine have also increased in course of 344 evolution for dispersal. We did detect an increase in the levels of both these neurotransmitters 345 (Table 1) , although the increase was not statistically significant after Bonferroni correction.
347
It should be noted here that apart from the three neurotransmitters discussed above, there are 
371
Taken together, it is evident that the changes at the behavioural and life-history level are well 372 correlated with the underlying metabolomic changes (Fig. 4) . 
Conclusions
376
Our study shows that in terms of relationship between dispersal and behavioural traits, there is 377 excellent correspondence between the insights derived from association studies on field The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; remains to be seen. Finally, our study gives the first glimpses of the metabolome-level changes 390 that accompany dispersal evolution. This is best thought of as an over-view of the myriad 391 changes that can occur when dispersal evolves and the complex ways by which they can affect collection, the adults were collected and subjected to the selection protocol (see Text S1.2).
410
Immediately after this, the adults of a given population were transferred to a plexi-glass cages 
Selection procedure
417
The apparatus used for selection has three components-a source, a path and a destination (see The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/178715 doi: bioRxiv preprint first posted online Aug. 20, 2017; or for six hours (whichever happened earlier). The arbitrary cut-off of six hours was chosen
Locomotor activity assay:
451
After 49 generations of selection, locomotor activity of the selected and control lines were The
complete 24-hour cycle. For the entire duration of recording, the monitors containing the 471 activity tubes were kept undisturbed inside an incubator maintained at 25 °C and constant light.
472
Locomotor activity assay in the absence of food was similar to the one mentioned above except 473 that no food was provided and both ends of the activity tubes were secured with clean, dry cotton 
Exploration assay 488 489
This assay was performed after 53 generations of selection. For each VB or VBC population, we The aggression assay was performed after 52 generations of selection. For this assay, the flies 507 were reared under low levels of larval crowding (~50 eggs in 6-8ml banana-jaggery food).
508
Freshly eclosed males were collected and reared in social isolation (i.e. one male per vial) till the replicates were assayed for each of the four populations of VBs and the corresponding VBCs.
519
Individual wells were visually isolated from each other using cotton to ensure no visual cues 520 were being exchanged between replicates. Uniform lighting and constant temperature (25°C)
521
were maintained.
522
The scoring for aggression was done after an initial five-minute acclimation period. peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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Longevity assay 556 557
Longevity assay was performed after 51 generations of selection in a constantly lit environment 558 maintained at 25ºC. We initiated the assay by introducing 10 freshly eclosed, unmated 559 individuals of the same sex into a food vial containing ~6 mL standard banana-jaggery food. 10 560 such replicate setups were prepared for males and females separately from each of the VB/VBC 561 populations. Thus in total, we measured the life-span of 1600 flies in this assay. The alive flies 562 were counted daily at a particular time (arbitrarily set at 1500 h) and every alternate day, they 563 were transferred into fresh food vials, till the last individual died. Flies that escaped or died 564 during transfers were not included in the analysis. homogenized using a battery run homogenizer and centrifuged at 10000 rpm for 10 min at 4ºC.
573
The supernatant was then transferred to another set of pre-labelled microfuge tubes, lyophilized 574 and stored at -80ºC, to be used for NMR experiments. Prior to the NMR experiments, the 575 samples were rehydrated in 500 ml of 50 mM phosphate buffer prepared using D2O (pH 7.4), NMR spectroscopy: NMR spectra were recorded on a Bruker Biospin 600 Avance-III 580 spectrometer operating at a 1 H frequency of 600.13 MHz at 300 K using a 5 mm QXI probe.
581
Gradient shimming was performed prior to signal acquisition to optimize magnetic field 582 homogeneity. 1D 1 H NMR spectra were acquired using the water suppressed Car-Purcell-
583
Meiboom-Gill (CPMG) spin-echo pulse sequence optimized with a spin -echo delay t of 300 ms 584 and n= 400 and a total spin-spin relaxation delay (2nt) time of 240 ms to achieve attenuation of 585 fast-relaxing broad signals from larger molecules. The proton spectra were collected with a 90- format and imported into MATLAB for alignment using the Icoshift algorithm (Savorani et al. 606 2010). Spectral regions between 4.6 and 4.8 ppm were excluded from the analysis, to prevent 607 errors due to any residual peak from the suppressed water signal. Data were normalized to the 608 total area to compensate for possible differences in signal-to-noise ratios between spectra and to 609 prevent separation due to variations in the amounts of sample.
610
After importing the data into SIMCA, the data was Pareto-scaled and first analysed using the peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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